




































































































































































Scheme 1. Reagents and conditions: (a) HCN (1.5 equiv), Jacobsen's 
catalyst 2 (0.05 equiv), toluene, –70˚C, 40 h, then trifluoroacetic
anhydride (4.0 equiv), –60˚C, 2 h, 86%, 95% ee; (b) H2SO4/H2O (1/1,





























Scheme 2. Reagents and conditions: (a) (Boc)2O (2 equiv), CH2Cl2, rt, 
30 min, 99%; (b) LiAlH4 (1 equiv), THF, rt, 3 h, 99%; (c) TMSOTf (2

































Scheme 3. Reagents and conditions: (a) TsCl (1.5 equiv), pyridine, rt, 10 
h, 81%; (b) LiAlH4 (4 equiv), THF, 60˚C, 5 h, 56%; (c) TMSOTf (2 equiv),
CH2Cl2, rt, 30 min, 86%; (d) HCHOaq. (5 equiv), NaBH3CN (1.6 equiv),
CH3CN, rt, 2 h, 87%.
Scheme 4. Reagents and conditions: (a) DIBAL-H (3.0 equiv) CH2Cl2, –78 ˚C, 30 min, 92%; (b) trimethyl
phosphonoacetate (5 equiv), NaH (ca. 4 equiv), benzene, rt, 1 h, 95%; (c) H2, 10% Pd/C, MeOH, rt, 12 h, 93%;
(d) TMSOTf (2 equiv), CH2Cl2, rt, 30 min, then Et3N (4 equiv), rt, 72 h, 99%; (e) BBr3 (5 equiv), CH2Cl2, –20 ˚C,
24 h, 92%; (f) LiAlH4 (5 equiv), THF, reflux, 2 h, 92%; (g) LiAlH4 (5 equiv), THF, rt, 1 h, 97%; (h) PPh3 (5 equiv), 
DEAD (5 equiv), 1,3-bis(tert-butoxycarbonyl)guanidine (2 equiv), toluene, rt, 8 h, 95%; (i) TMSOTf (5 equiv),


































































































































































































































Table 1.  Thiourea 22 catalyzed asymmetric acyl-Strecker reaction of isoquinolinesa
a The reaction was carried out with isoquinoline (0.25 mmol), 25 (0.75 mmol), and catalyst 22 (0.075 mmol) in 
toluene (0.5 mL) at –40 ˚C for 72 h.
b Yield of isolated product. 
































































Table 2. Chiral sulfonamide 29 catalyzed asymmetric hetero-Diels–Alder reaction
a The reaction was carried out with Danishefskys diene 30 and ethyl glyoxylate 31 in the presence of 
catalyst 29 for 24 h.
b Yield of isolated product.
































































































































































then NaHCO3, THF, H2O, reflux
DPPA, Et3N, toluene, reflux
72%




































































































































































[a] Unless otherwise stated, the reaction was performed with p-
nitrobenzaldehyde (1 equiv), cyclohexanone (1.5 equiv), and L-t-leucine 
(0.2 equiv) in DMSO in the presence of H2O (50 equiv) for 7 d. [b] The
combined isolated yield of the diastereomers. [c] Determined by 1H-
NMR. [d] Determined by HPLC. [e] The reaction was performed in the

















































































[a] The reaction was performed with aldehyde (1 equiv), cyclic ketone (10 equiv). [b] The combined 
isolated yield of the diastereomers. [c] Determined by 1H-NMR. [d] Determined by HPLC.




















































































































































































Table 6.  L-t-Leucine 46 catalyzed asymmetric aldol reaction of chloroacetone (54)














































a The reaction was performed with arylaldehyde 48 (1 equiv), chloroacetone 54 (10 equiv), and L-t-leucine 
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Development of organocatalytic asymmetric reactions and their 
application to the syntheses of synthetically useful compounds
Takuya Kanemitsu and Takashi Itoh
School of Pharmacy, Showa University
Abstract
Metal－free organocatalysts have been recently developed for various enantioselective reactions. 
Organocatalysts have several advantages over conventional metal catalysts, such as nontoxicity, 
stability, easy manipulation, and recyclability. These important merits have led to the development 
of organocatalytic asymmetric reactions as a major ﬁ eld in organic chemistry. Organocatalytic re-
actions are becoming powerful tools for the construction of complex molecular skeletons. We are 
interested in the application of organocatalysts to the construction of C－C bond and have developed 
several new organocatalysts and organocatalytic reactions.
Thiourea－ and sulfonamide－containing molecules were studied as Brønsted organocatalysts. Ja-
cobsen's thiourea－containing organocatalyst was found to be eﬃ  cient for the asymmetric Strecker 
reaction of 6,7－dimethoxy－3,4－dihydroisoquinoline. The Strecker reaction was accomplished in high 
yield and high enantiomeric excess to give the corresponding 1－cyanoisoquinoline. The 1－cyanoiso-
quinoline thus obtained was readily transformed to several natural products. Sulfonamide－contain-
ing organocatalyst exhibited activity in asymmetric hetero－Diels‒Alder reaction of ethyl glyoxylate 
with Danishefsky's diene.
In addition, an enantioselective phase－transfer catalytic alkylation of α －monosubstituted ma-
lonic diester has been developed. The alkylation of α－monosubstituted t －butyl methyl malonate in 
the presence of cinchona catalyst aﬀ orded α,α－disubstituted products in high yields and with high 
enantioselectivities. To demonstrate the utility of this reaction, the product with a quaternary chi-
ral carbon was converted to both （R）－ and （S）－α,α－dialkylated amino acids through alternative 
chemoselective transformation of the two ester groups.
Moreover, L－t －leucine－catalyzed direct asymmetric aldol reactions has been developed. In the al-
dol reaction of 4－nitrobenzaldehyde with a cyclic ketone at room temperature, L－t －leucine exhibits 
catalytic activity resulting in moderate to high diastereo－ and enantioselectivity. Use of cyclohep-
tanone or cyclooctanone as a substrate resulted in production of the syn selective product. In the 
asymmetric aldol reaction of chloroacetone, vic －halohydrins was obtained with high syn selectivity 
and enantioselectivity.
Key words :  organocatalysis, asymmetric synthesis, Strecker reaction, phase－transfer catalysis, 
aldol reaction
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